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1
METHOD FOR MANUFACTURING TIN(II)
OXIDE POWDER FOR REPLENISHING TIN
COMPONENT OF TIN-ALLOY PLATING
SOLUTION, AND TIN (II) OXIDE POWDER
MANUFACTURED USING SAID METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is related to co-pending application: “TIN
(II) OXIDE POWDER FOR REPLENISHING TIN COM-
PONENT OF TIN-ALLOY PLATING SOLUTION AND
METHOD FOR MANUFACTURING SAID POWDER”
filed even date herewith in the names of Takuma Katase,
Akihiro Masuda and Kanji Kuba as a national phase entry of
PCT/IP2012/061703, which application is assigned to the
assignee of the present application and is incorporated by
reference herein.

TECHNICAL FIELD

The present invention relates to tin(II) oxide (stannous
oxide) powder suitable for replenishing a tin component to a
tin-alloy plating solution. More specifically, it relates to a
method for manufacturing tin(II) oxide powder excellent in
solubility to an acid or an acidic plating solution and storage
stability, and can heighten oxidation-preventive effect of Sn**
ion in the plating solution and the tin(II) oxide powder manu-
factured using the method.

BACKGROUND ART

A Pb—Sn alloy plating solution has been widely used until
now for plating to electronic devices for which soldering was
necessary or for the formation of a solder bump electrode
(bump) to a semiconductor wafer, etc. However, the Pb—Sn
alloy plating solution contains toxic Pb, so that there are many
problems in a wastewater treatment, environmental conser-
vation, or a soil and groundwater pollution from wastes of the
semiconductors, etc. In recent years, for the purpose of reduc-
ing such a burden on the environment, researches have been
carried out as a substitute for the Pb—Sn alloy plating solu-
tion containing lead, on a plating solution using a binary alloy
which utilizes tin as a first element and uses silver, bismuth,
copper, indium, antimony, zinc, etc., as a second element, or
a multicomponent alloy to which a third element is further
added, and among these, a Sn—Ag plating solution is now
becoming a main stream as a Pb-free plating solution.

In an electroplating process using the Pb—Sn alloy plating
solution, however, when an anode (an anode of the electro-
plating process) made of Pb—Sn is used, Pb>* and Sn** ions
are dissolved from the anode into the plating solution, so that
the balance of the components of the Pb—Sn alloy plating
solution is kept substantially constant. On the other hand, in
the electroplating process using, for example, a Sn—Ag plat-
ing solution, when an anode made of Sn—Ag is used, Ag is
gradually precipitated on the surface of the anode to coat the
surface of the anode, so that Sn** ion is not replenished from
the anode to the plating solution. Thus, a balance of compo-
nents of the plating solution is changed, whereby it causes a
problem in the electroplating process using an anode made of
Sn—Ag in the Sn—Ag plating solution. Therefore, in the
electroplating process using a Sn—Ag plating solution, an
insoluble platinum-plated titanium plate, etc., is used as an
anode.

Also, when an insoluble anode is used, for replenishing
components of the plating solution, a method in which a metal
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tin is supplied by dissolving in the plating solution can be
considered. According to this method, however, in the case of
an alloy plating with a metal which is nobler than tin, a noble
metal is precipitated on the surface of the metal tin by substi-
tuting it in the plating solution so that there is a problem that
dissolution of the metal tin is suppressed. Thus, replenish-
ment has generally been carried out by adding a tin salt
solution in which essential components of the plating solution
had previously been dissolved (for example, see Patent Docu-
ment 1.).

However, as described in the above-mentioned Patent
Document 1, in the method in which Sn** ion is replenished
by injecting a tin salt solution, etc. (hereinafter referred to as
an “element solution”) where essential components of the
plating solution are dissolved therein, it must prepare the
element solution to be injected, and the element solution must
be injected while analyzing the components of the plating
solution whereby control of the plating solution is difficult
and also a large cost is necessary.

To overcome the above-mentioned problems, it has been
investigated a method in which tin(IT) oxide powder having
an extremely high solubility in an acid or an acidic plating
solution is directly added to the plating solution whereby the
tin component in the plating solution is replenished (for
example, see Patent Document 2.).

PRIOR ART REFERENCES
Patent Documents

Patent Document 1: JP 2003-96590A (paragraph [0028])
Patent Document 2: JP 2009-132571A (Claim 1, paragraph

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, the tin(Il) oxide powder to be used in the replen-
ishing method shown in the above-mentioned Patent Docu-
ment 2 has a small average particle diameter and a large
specific surface area, so that the surface of the tin(Il) oxide
powder is likely oxidized from SnO to SnO, when it is
exposed to the air. Solubility in an acid or an acidic plating
solution of the tin(Il) oxide powder whose powder surface has
been oxidized to SnO, is markedly lowered, so that it is
necessary to store the powder in a vacuum pack, etc., from
immediately after manufacturing the powder to just before
using the same, and after opening thereof; it is necessary to
use the whole amount promptly. Therefore, a further
improvement has been desired in the aspect of storage and
control or handling thereof by applying a certain measure or
treatment to the tin(Il) oxide powder, etc.

On the other hand, extremely high solubility in an acid or
an acidic plating solution is required to the tin(II) oxide pow-
der to be used in the replenishing method in which the above-
mentioned tin(II) oxide powder is directly added to the plat-
ing solution. This is because, if tin(Il) oxide powder having a
low solubility is used in this replenishing method, the tin(Il)
oxide powder is not sufficiently dissolved in the plating solu-
tion when it is added to the plating solution, and precipitates
are gradually generated in the plating solution as a sludge
containing insoluble tin(IV) oxide (stannic oxide) whereby
replenishment of the Sn** ion becomes difficult. Therefore,
when a certain measure for preventing oxidation is to be
applied to the tin(II) oxide powder to be used in this replen-
ishing method, it must be carried out without impairing high
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solubility of the powder in an acid or an acidic plating solu-
tion, whereby it is extremely difficult to coexist the two char-
acteristics.

The sludge containing the above-mentioned insoluble tin
(IV) oxide is also generated by the Sn®* ion which has been
once dissolved in the plating solution and replenished in the
same being oxidized by a dissolved oxygen in the plating
solution. If the sludge is generated, replenishment of the Sn**
ion becomes difficult, and it causes inconvenience that a
piping or a filter of a plating treatment device is clogged, or
the sludge is attached to the plated surface to lower the quality
of the plated surface.

An object of the present invention is to provide a method
for manufacturing tin(Il) oxide powder having extremely
high solubility in an acid or an acidic plating solution, excel-
lent in storage stability in the air, and yet, capable of height-
ening oxidation-preventive effect of Sn** ion in the plating
solution and the tin(Il) oxide powder manufactured by the
method.

Means for Solving the Problems

A first aspect of the present invention is, as shown in FIG.
1, a method for manufacturing tin(Il) oxide powder for
replenishing a tin component to a tin-alloy plating solution
comprising Step 11 of preparing an aqueous acidic solution
containing Sn** ions, Step 12 of neutralizing the aqueous
acidic solution by adding an aqueous alkaline solution to
obtain a slurry of tin(II) hydroxide, Step 13 of dehydrating the
prepared slurry to obtain a slurry of tin(II) oxide, Step 14 of
separating the slurry of tin(II) oxide into a solid and a liquid
to obtain tin(Il) oxide, Step 15 of treating the obtained tin(II)
oxide with an aqueous antioxidant solution, and Step 16 of
vacuum drying the tin(Il) oxide treated with the aqueous
antioxidant solution.

A second aspect of the present invention is an invention
based on the first aspect, and further the treatment with the
aqueous antioxidant solution is carried out by a method of
spraying the aqueous antioxidant solution to the tin(Il) oxide
powder or dipping the tin(II) oxide powder in the aqueous
antioxidant solution.

A third aspect of the present invention is an invention based
on the first or the second aspect, and further the above-men-
tioned antioxidant is at least one selected from the group
consisting of hydroquinone, catechol, resorcinol, pyrogallol,
gallic acid, glucose, galactose, fructose, ribose, xylose, mal-
tose, lactose, hydrazine sulfate, carbohydrazide and sodium
cyanotrihydroborate.

A fourth aspect of the present invention is tin(Il) oxide
powder for replenishing a tin component to a tin-alloy plating
solution manufactured by the manufacturing method based
on the first aspect, wherein the antioxidant is contained in the
powder in a mass ratio of 100 to 5000 ppm, and the powder
has such a dissolution rate that when 0.1 g of the tin(I]) oxide
powder is added to 100 m1 of 100 g/I. aqueous alkylsulfonic
acid solution at a temperature of 25° C. and stirred, then, it
completely dissolves therein within 180 seconds.

A fifth aspect of the present invention is an invention based
on the fourth aspect, wherein the tin(Il) oxide powder is
coated by the antioxidant, has an average particle diameter
with a D, value of within 5 to 15 pm, and has a tap density of
0.6to 1.2 g/em®.

Effects of the Invention

In the manufacturing method of the first aspect of the
present invention, it comprises a step of preparing an aqueous
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acidic solution by dissolving metal tin powder in an acid, a
step of neutralizing the aqueous acidic solution by adding an
aqueous alkaline solution to obtain a slurry of tin(Il) hydrox-
ide, a step of dehydrating the prepared slurry by heating and
keeping the state to obtain a slurry of tin(Il) oxide, a step of
separating the slurry of the tin(I) oxide into a solid and a
liquid to obtain tin(II) oxide, a step of treating the obtained
tin(Il) oxide with an aqueous antioxidant solution, and a step
of vacuum drying the tin(I) oxide treated by the aqueous
antioxidant solution. According to this procedure, tin(Il)
oxide powder having high solubility in an acid or an acidic
plating solution, excellent in storage stability in the air, and
yet can heighten oxidation-preventive effect of Sn** jons in
the plating solution can be manufactured.

In the manufacturing method of the third aspect of the
present invention, at least one selected from the group con-
sisting of hydroquinone, catechol, resorcinol, pyrogallol, gal-
lic acid, glucose, galactose, fructose, ribose, xylose, maltose,
lactose, hydrazine sulfate, carbohydrazide and sodium cyan-
otrihydroborate is used as the antioxidant. The above-men-
tioned antioxidant has extremely high solubility in an acid or
an acidic plating solution, so that, by using the above-men-
tioned antioxidant, oxidation-preventive property can be pro-
vided to the powder without causing any effects on the solu-
bility of the powder in an acid or an acidic plating solution. By
using the above-mentioned antioxidant, it is possible to pre-
vent from generating sludge by the tin(Il) oxide powder being
oxidized during dissolution, or from precipitation by substi-
tution of a metal component which is nobler than the tin in the
plating solution, whereby the Sn** ion can be stably replen-
ished to the plating solution.

The tin(I]) oxide powder of the fourth aspect of the present
invention is tin(Il) oxide powder for replenishing a tin com-
ponent to a tin-alloy plating solution manufactured by the
manufacturing method based on the first aspect, and the anti-
oxidant is contained in the powder with a mass ratio of 100 to
5000 ppm. According to this constitution, the powder shows
extremely high solubility in an acid or an acidic plating solu-
tion, and excellent storage stability in the air. Specifically, it
has such a dissolution rate that when 0.1 g of the tin(Il) oxide
powder is added to 100 ml of 100 g/I. aqueous alkylsulfonic
acid solution at a temperature of 25° C. and is stirred, then, it
completely dissolves within 180 seconds. In addition, it can
heighten oxidation-preventive effect of the Sn** ions in the
plating solution.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a flow chart showing a method for manufacturing
tin(Il) oxide powder for replenishing a tin component to a
tin-alloy plating solution of the embodiment of the present
invention.

EMBODIMENTS TO CARRY OUT THE
INVENTION

Next, an embodiment to carry out the present invention is
explained by referring to the drawings.

In the manufacturing method of the tin(Il) oxide powder of
the present invention, as shown in FIG. 1, an aqueous acidic
solution containing Sn** ions is firstly prepared (Step 11).
The preparation method of the above-mentioned aqueous
acidic solution is not particularly limited, and, for example,
there may be mentioned a method in which the metal tin
powder is dissolved in hydrochloric acid. At this time, pre-
ferred concentration of the hydrochloric acid is 30 to 40% by
mass and a temperature thereofis 80 to 100° C., and the metal



US 9,067,800 B2

5

tin powder is dissolved therein over 18 to 30 hours. The metal
tin powder to be used preferably has an c-ray emitting
amount of 0.05 cph/cm? or less. This is because, if the a-ray
emitting amount exceeds 0.05 cph/cm?, there are inconve-
niences that, for example, in a semiconductor, etc., there
occurs a soft error, etc. in which the data in the memory are
rewritten or the semiconductor may be destroyed because of
the a-ray emitted from the solder bump electrode.

Next, an aqueous alkaline solution is added to the aqueous
acidic solution prepared as mentioned above to neutralize the
same to prepare a slurry of tin(II) hydroxide (Step 12). The
above-mentioned aqueous alkaline solution may be exempli-
fied by an aqueous ammonia, an ammonium bicarbonate
solution or a mixed solution thereof. Here, the neutralization
step for preparing a slurry of the tin(Il) hydroxide is prefer-
ably carried out in a nitrogen gas atmosphere. When the
neutralization step is carried out in the nitrogen gas atmo-
sphere, an effect can be obtained that the Sn** ion in the
aqueous acidic solution is prevented from being oxidized to
tin(IV) oxide which is slightly soluble in an acid, as compared
with the case where the step is carried out in the air. This is
because, when the neutralization step is carried out in the
nitrogen gas atmosphere in which no oxygen is present, dis-
solution of the oxygen into the slurry can be prevented.

When aqueous ammonia is to be added as an aqueous
alkaline solution, a concentration of the aqueous ammonia to
be used is preferably 28 to 30% by mass. If the concentration
of'the aqueous ammonia is less than the lower limit value, the
neutralization reaction does not proceed sufficiently so that it
is not preferred. On the other hand, if it exceeds the upper
limit value, dehydration reaction of the tin(II) hydroxide pro-
ceeds rapidly, and a concentration of an anion component in
the acid remained in the tin(Il) oxide becomes high so that it
is not preferred. The reason why aqueous ammonia is used as
the aqueous alkaline solution is that it is suitable to control the
particle diameter of the tin(Il) oxide powder to be manufac-
tured. As the aqueous alkaline solution, ammonium bicarbon-
ate may be used alone, or an ammonium bicarbonate aqueous
solution may be used by mixing with aqueous ammonia
simultaneously. The neutralization reaction is carried out at a
liquid temperature of the reaction mixture of 30 to 50° C., and
preferably carried out at a pH range of 6 to 8. If the liquid
temperature of the reaction solution is less than the lower
limit value, a concentration of an anion component in the acid
remained in the tin(II) oxide becomes high so that it is not
preferred, while if it exceeds the upper limit value, the dehy-
dration reaction of the tin(II) hydroxide proceeds with the
progress of the neutralization reaction so that it is not pre-
ferred. The reason why the pH of the reaction solution is setto
the above-mentioned range is that it is a suitable range in the
points of progress of the neutralization reaction and readily-
solubility of the manufactured powder. If the pH is less than
the lower limit value, the neutralization reaction does not
proceed sufficiently so that it is not preferred. While if it
exceeds the upper limit value, a hardly soluble tin salt such as
ammonium stannate and metal tin are formed whereby ayield
is lowered or a much amount of components which are
slightly soluble in the plating solution is contained so that it is
not preferred.

Next, the slurry prepared as mentioned above is heated and
kept to mature and dehydrate the tin(IT) hydroxide, whereby a
slurry of tin(II) oxide is obtained (Step 13). The dehydration
step of obtaining a slurry of tin(Il) oxide by dehydrating
tin(II) hydroxide with heating and keeping the state is pref-
erably carried out in a nitrogen gas atmosphere. By carrying
out the dehydration step in the nitrogen gas atmosphere, an
effect can be obtained that the tin(Il) oxide in the slurry is
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prevented from being oxidized to tin(IV) oxide which is
slightly soluble in an acid, as compared with the case where
the step is carried out in the air as in the conventional proce-
dure. This is because, when the dehydration step is carried out
in the nitrogen gas atmosphere in which no oxygen is present
in the atmosphere, dissolution of the oxygen into the slurry
can be prevented. A temperature of heating and keeping the
state is preferably 80 to 100° C. If the temperature of heating
and keeping the state is less than the lower limit value, dehy-
dration of the tin(II) hydroxide does not proceed sufficiently,
and white-colored tin(II) hydroxide is remained in the reac-
tion system so that it is not preferred. On the other hand, it is
physically impossible to heat the reaction solution at a tem-
perature higher than the boiling point of water under atmo-
spheric pressure conditions. A time of heating and keeping
the state may vary depending on an amount of the slurry or a
temperature of heating and keeping the state, and is prefer-
ably 1 to 2 hours.

Then, the above-mentioned slurry of the tin(Il) oxide is
separated into a solid and a liquid by filtration, centrifugation,
etc., to obtain the solid component of tin(II) oxide (Step 14).
Further, the obtained tin(IT) oxide is preferably treated with an
aqueous antioxidant solution having a concentration of 0.1 to
5% by mass (Step 15). The antioxidant is preferably at least
one selected from the group consisting of hydroquinone, cat-
echol, resorcinol, pyrogallol, gallic acid, glucose, galactose,
fructose, ribose, xylose, maltose, lactose, hydrazine sulfate,
carbohydrazide and sodium cyanotrihydroborate. The above-
mentioned antioxidant has an extremely high solubility in an
acid or an acidic plating solution, so that by using the above-
mentioned antioxidant, oxidation-preventive effect can be
provided to the powder without causing any effects on the
solubility of the powder in an acid or an acidic plating solu-
tion. Preparation of the aqueous antioxidant solution is car-
ried out by adding the antioxidant to a solvent so that the
solution has a desired concentration, and stirring the mixture.
The solvent may be water or ethanol, etc. The reason why the
concentration of the aqueous antioxidant solution is set
within the above-mentioned range is to adjust the content of
the antioxidant contained in the tin(I) oxide powder after
manufacture. If the concentration of the aqueous antioxidant
solution is out of the above-mentioned range, it is difficult to
adjust the content of the antioxidant contained in the powder
to a desired value.

With regard to the treatment method of the tin(II) oxide by
the aqueous antioxidant solution prepared as mentioned
above is not particularly limited, and there may be mentioned
a method in which the tin(II) oxide is dipped in the aqueous
antioxidant solution, a method in which the aqueous antioxi-
dant solution is sprayed to the tin(Il) oxide, or a method in
which washing of the tin(IT) oxide powder after the above-
mentioned separation of the solid and the liquid (Step 14) is
carried out by using the above-mentioned aqueous antioxi-
dant solution. Among these, a method in which the tin(Il)
oxide is dipped in the aqueous antioxidant solution at 20 to
30° C. for 5 to 10 minutes is particularly preferred since the
content of the antioxidant contained in the tin(Il) oxide pow-
der after manufacturing can be easily controlled.

The tin(IT) oxide treated by the aqueous antioxidant solu-
tion is vacuum dried (Step 16). The reasons why the drying is
carried out by vacuum drying are to prevent from oxidation of
the tin(Il) oxide powder during the drying, to prevent from
aggregation of the powder particles.

According to the manufacturing method of the present
invention as mentioned above, tin(II) oxide powder suitable
for a method of directly adding tin(II) oxide powder to a
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plating solution can be manufactured as a method for replen-
ishing a tin component to a tin-alloy plating solution.

The tin(I]) oxide powder of the present invention obtained
by the above-mentioned method contains the above-men-
tioned antioxidant in the powder with a mass ratio of 100 to
5000 ppm. Thus, even when the powder is stored in the state
that it is exposed to the air, the surface of the tin(II) oxide
powder is hardly oxidized from SnO to SnO,, so that the
powder after storage for a long period of time can maintain
high solubility in an acid or an acidic plating solution. The
above-mentioned antioxidant also acts to prevent the Sn** ion
in the plating solution from being oxidized. Therefore, when
the tin(Il) oxide powder is added to the plating solution,
oxidation of the Sn** ion replenished by addition can be
prevented, and generation of the sludge in the plating solution
can be suppressed. Therefore, by the addition of the tin(Il)
oxide powder, replenishment of Sn** ion of the plating solu-
tion can be carried out sufficiently. Also, inconveniences of
causing clogging ofa piping or a filter of the plating treatment
device caused by generation of the sludge, or lowering quality
of the plating surface due to attachment of sludge onto the
plating surface can be cancelled. If the content of the antioxi-
dant contained in the powder is less than 100 ppm with a mass
ratio, oxidation of the powder surface cannot be sufficiently
prevented when the powder is stored in the air. In addition, an
oxidation-preventive effect of the Sn** ion replenished by
adding to the plating solution cannot be sufficiently obtained.
On the other hand, if the content exceeds 5000 ppm, in addi-
tion to saturation of the oxidation-preventive effect, plating
property is lowered by adding an excessive amount of the
antioxidant into the plating solution. Among these, the con-
tent of the antioxidant contained in the powder is preferably in
the range of 1000 to 3000 ppm with a mass ratio.

The tin(II) oxide powder has an average particle diameter
of'5 to 15 um with Dy, value, a specific surface area 0f 0.4 to
3.5 m*/g, and a tap density of 0.6 to 1.2 g/cm>. The tin(II)
oxide powder having an average particle diameter and a tap
density within the above-mentioned ranges has extremely
high solubility in an acid or an acidic plating solution, or is
readily soluble in an acid or an acidic plating solution. As an
index showing the solubility, a dissolution rate in an acid may
be mentioned. Specifically, there may be attained a dissolu-
tion rate such that when 0.1 g of tin(II) oxide powder is added
to 100 ml of 100 g/L. aqueous alkylsulfonic acid solution at a
temperature of 25° C. and stirred, then, it completely dis-
solves within 180 seconds. The tin(Il) oxide powder sub-
jected to the above-mentioned oxidation-preventive treat-
ment can be prevented from oxidation of the dissolved Sn**
ion. Thus, even when the tin(Il) oxide powder is directly
added to the plating solution without subjecting to adjustment
of the element solution, it is dissolved in the plating solution
immediately without generating a sludge, and a Sn** ion
component of the plating solution can be replenished.

The tin(II) oxide powder manufactured by the manufactur-
ing method of the present invention is particularly excellent in
solubility in an alkylsulfonic acid such as methanesulfonic
acid, ethanesulfonic acid and 1-propanesulfonic acid each of
which is a component of the acidic plating solution as an acid,
and in an alloy plating solution comprising Sn and a metal
which is nobler than Sn as an acidic plating solution such as
Sn—Ag alloy plating solution, Sn—Cu alloy plating solu-
tion, Sn—Ag—Cu alloy plating solution and Au—Sn alloy
plating solution.
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EXAMPLES

Next, Examples of the present invention are explained in
detail with Comparative Examples.

Example 1

First, 500 g of metal tin powder having an a-ray emitting
amount of 0.0007 cph/cm? which is 0.05 cph/cm? or less was
dissolved in 1000 g of hydrochloric acid with a concentration
01'35% by mass and a temperature of 80° C. over 24 hours to
prepare an aqueous acidic solution. Subsequently, in a tank
filled with a nitrogen gas, an aqueous ammonia with a con-
centration of 30% by mass was added as an aqueous alkaline
solution to the aqueous acidic solution while keeping the
liquid temperature to 30° C. and a pH to 6, and the mixture
was neutralized to obtain a slurry of tin(Il) hydroxide.

Then, the slurry of the tin(Il) hydroxide was heated under
nitrogen gas atmosphere and kept to 90 to 100° C. to dehy-
drate the tin(Il) hydroxide whereby a slurry of tin(Il) oxide
precipitates was obtained.

Next, the slurry of the tin(IT) oxide precipitates was sepa-
rated into a solid and a liquid by filtration to obtain the tin(II)
oxide precipitates. The obtained tin(II) oxide precipitates
were subjected to a dipping treatment by using a previously
prepared aqueous antioxidant solution for 10 minutes. The
aqueous antioxidant solution was prepared by using 0.6 g of
hydrazine sulfate as an antioxidant and adding it in 599.4 g of
water to be dissolved to prepare an aqueous hydrazine sulfate-
containing solution with a concentration of 0.1% by mass.

The tin(I) oxide precipitates treated by the aqueous anti-
oxidant solution were vacuum dried at a temperature of 25° C.
to obtain 530 g of black-colored tin(II) oxide powder.

Example 2

In the same manner as in Example 1 except that gallic acid
was prepared as an antioxidant, and the tin(IT) oxide precipi-
tates were treated by an aqueous gallic acid-containing solu-
tion with a concentration of 0.1% by mass, 535 g of black-
colored tin(I) oxide powder was obtained.

Example 3

In the same manner as in Example 1 except that fructose
was prepared as an antioxidant, and the tin(IT) oxide precipi-
tates were treated by an aqueous fructose-containing solution
with a concentration of 0.1% by mass, 530 g of black-colored
tin(Il) oxide powder was obtained.

Example 4

In the same manner as in Example 1 except that catechol
was prepared as an antioxidant, and the tin(IT) oxide precipi-
tates were treated by an aqueous catechol-containing solution
with a concentration of 0.1% by mass, 532 g of black-colored
tin(Il) oxide powder was obtained.

Example 5

In the same manner as in Example 1 except that catechol
was prepared as an antioxidant, and the tin(IT) oxide precipi-
tates were treated by an aqueous catechol-containing solution
with a concentration of 2.5% by mass, 533 g of black-colored
tin(Il) oxide powder was obtained.

Example 6

In the same manner as in Example 1 except that the tin(II)
oxide precipitates were treated by an aqueous hydrazine sul-
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fate-containing solution with a concentration of 5% by mass,
528 g of black-colored tin(IT) oxide powder was obtained.

Example 7

In the same manner as in Example 1 except that the tin(Il)
oxide precipitates were treated by an aqueous gallic acid-
containing solution with a concentration of 5% by mass, 534
g of black-colored tin(Il) oxide powder was obtained.

Example 8

In the same manner as in Example 1 except that the tin(Il)
oxide precipitates were treated by an aqueous fructose-con-
taining solution with a concentration of 5% by mass, 530 g of
black-colored tin(Il) oxide powder was obtained.

Example 9

In the same manner as in Example 1 except that the tin(Il)
oxide precipitates were treated by an aqueous catechol-con-
taining solution with a concentration of 5% by mass, 531 g of
black-colored tin(Il) oxide powder was obtained.

Comparative Example 1

In the same manner as in Example 1 except that no treat-
ment by an aqueous antioxidant solution was carried out, 536
g of the black-colored tin(Il) oxide powder was obtained.

Comparative Example 2

In the same manner as in Example 1 except that the tin(Il)
oxide precipitates were treated by an aqueous catechol-con-
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Evaluation 1

With regard to the tin(Il) oxide powders obtained in
Examples 1 to 9 and Comparative Examples 1 to 3, a content
of'the antioxidant contained in the powder, an average particle
diameter (D), a specific surface area and a tap density of the
powders were measured. These results are shown in the fol-
lowing Table 1.

(1) Content of the antioxidant: First, the powders after the
antioxidant treatment obtained in Examples 1 to 9 and Com-
parative Examples 1 to 3 were each dissolved in an aqueous
alkylsulfonic acid solution to obtain respective solutions.
Next, by using a high-speed liquid chromatography device
(manufactured by Shimadzu Corporation, Name of Type:
LC-20AD), it was measured by comparing an intensity ratio
of a detection peak of the antioxidant concentration detected
by the above-mentioned respective solutions, and a detection
peak of an aqueous alkylsulfonic acid solution of the known
antioxidant concentration.

(2) Average particle diameter (Ds,) of powder: it shows a
volume cumulative median diameter measured by using a
particle size distribution measuring apparatus (manufactured
by NIKKISO CO., LTD., Name of Type: MICROTRAC
MT3000 particle size analyzer).

(3) Specific surface area of powder: it shows a BET specific
surface area by the BET single-point method measured by
using a surface area measuring apparatus (manufactured by
Mountech CO. Ltd., Name of Type: automatic specific sur-
face area (BET) measuring apparatus HM-model-1201).

(4) Tap density of powder: it was measured by Metal pow-
der-Tap density measuring method regulated by JIS Z2512:
2006.

TABLE 1
Aqueous antioxidant
solution Tin(II) oxide powder
Content Content of Anti- Specific
[% by oxidant [ppm Average particle surface area  Tap density
Kind mass] (mass ratio)] diameter D50 [um] [m2/g] [g/em3]
Example 1 Hydrazine sulfate 0.1 103 8.1 0.5 0.9
Example2  Gallic acid 0.1 104 79 0.5 0.9
Example 3 Fructose 0.1 104 8.3 0.5 0.9
Example4  Catechol 0.1 103 8.5 0.5 0.9
Example 5 Catechol 2.5 2502 8.1 0.5 0.9
Example 6 ~ Hydrazine 5.0 4919 8.6 0.5 0.8
sulfate

Example 7 Gallic acid 5.0 4984 75 0.6 0.8
Example 8 Fructose 5.0 4856 6.9 0.6 0.8
Example 9  Catechol 5.0 4799 7.2 0.6 0.8
Comparative — — — 8.3 0.5 0.9
Example 1

Comparative Catechol 0.08 79 84 0.5 0.9
Example 2

Comparative Catechol 5.1 5231 8.5 0.5 0.8
Example 3

taining solution with a concentration of 0.08% by mass, 533
g of black-colored tin(Il) oxide powder was obtained.

Comparative Example 3

In the same manner as in Example 1 except that the tin(Il)
oxide precipitates were treated by an aqueous catechol-con-
taining solution with a concentration of 5.1% by mass, 528 g
of black-colored tin(Il) oxide powder was obtained.

60
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Comparative test and Evaluation 2

With regard to tin (II) oxide powders of Examples 1 to 9
and Comparative Examples 1 to 3, each dissolution rate to an
acid was measured. Specifically, with regard to the tin(Il)
oxide powders of Examples 1 to 9 and Comparative Examples
1to 3, two kinds of powders were each prepared one of which
was manufactured on the day, and the other of which was
stored at a temperature of 40° C. for 3 days in the air after the
manufacture. The dissolution rates of these powders were
measured according to the following mentioned procedure.
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First, each 0.1 g of the tin(Il) oxide powder prepared as
mentioned above was added to 100 ml of 100 g/L. an aqueous
alkylsulfonic acid solution at a temperature of 25° C. while
stirring the mixture by using a stirrer with a rotation rate of
500 rpm, and a time from addition of the powder to confir-
mation of disappearance of the powder by visual observation
was measured. These results are shown in the following Table
2.

TABLE 2

Dissolution time [sec]

After 3 days of

Manufactured day 40° C. Treatment

Example 1 27 43
Example 2 27 43
Example 3 28 33
Example 4 29 41
Example 5 29 42
Example 6 22 25
Example 7 26 42
Example 8 27 31
Example 9 30 56
Comparative Example 1 28 Not completely dissolved
Comparative Example 2 29 184
Comparative Example 3 30 57

As can be clearly seen from Table 1 and Table 2, the tin(II)
oxide powders measured on the manufacture day had rapid
dissolution rates in either of the powders of Examples 1 to 2
and Comparative Examples 1 to 3, and it could be confirmed
to be each excellent in solubility. On the other hand, with
regard to the tin(Il) oxide powders after storage in the air for
3 days under 40° C. condition, the powders of Comparative
Examples 1 to 3 were markedly oxidized on the surface of the
powder and lowered in the dissolution rates, so that it gave the
result that the solubilities thereof were remarkably impaired.
In particular, in Comparative Example 1, the powder was not
completely dissolved. To the contrary, in the powders of
Examples 1 to 2, it can be understood that oxidation on the
surface of the powder could be suppressed even when they
were stored in the air, no remarkable change in the dissolution
rate was observed and high solubility could be maintained.

INDUSTRIAL APPLICABILITY

The manufacturing method of the present invention can be
utilized for obtaining tin(Il) oxide powder for replenishing a
tin component to a tin-alloy plating solution.
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The invention claimed is:
1. A method for manufacturing tin(Il) oxide powder for
replenishing a tin component of a tin-alloy plating solution
comprising steps of:
preparing an aqueous acidic solution containing Sn>* ions;
neutralizing the aqueous acidic solution at a liquid tem-
perature of 30 to 50° C. and at a pH range of 6 to 8 in a
nitrogen gas atmosphere by adding an aqueous alkaline
solution to prepare a slurry of tin(Il) hydroxide;

dehydrating the prepared slurry in a nitrogen gas atmo-
sphere to prepare a slurry of tin(Il) oxide;

separating the slurry oftin(II) oxide into a solid and a liquid

to obtain tin(II) oxide;

treating the obtained tin(II) oxide with an aqueous antioxi-

dant solution having a concentration of 0.1 to 5% by
mass; and

vacuum drying the tin(Il) oxide treated with the aqueous

antioxidant solution; wherein

the aqueous alkaline solution is an aqueous ammonia
solution an ammonium bicarbonate solution or mix-
ture thereof; and

the antioxidant is at least one selected from the group
consisting of hydroquinone, catechol, resorcinol,
pyrogallol, gallic acid, glucose, galactose, fructose,
ribose, xylose, maltose, lactose, hydrazine sulfate,
carbohydrazide and sodium cyanotrihydroborate.

2. The method for manufacturing tin(Il) oxide powder for
replenishing a tin component of a tin-alloy plating solution
according to claim 1, wherein the treatment with the aqueous
antioxidant solution is carried out by spraying the aqueous
antioxidant solution to the tin(IT) oxide powder or dipping the
tin(Il) oxide powder in the aqueous antioxidant solution.

3. Tin(I) oxide powder for replenishing a tin component of
a tin-alloy plating solution manufactured by the method
according to claim 1, wherein the tin(II) oxide powder is
coated by the antioxidant, has an average particle diameter
with a Dy, value of within 5 to 15 um, and has a tap density of
0.6t0 1.2 g/cm?, the antioxidant is contained in the powder at
100 to 5000 ppm, and the powder has such a dissolution rate
that when 0.1 g of the tin(II) oxide powder is added to 100 ml
ot 100 g/L. aqueous alkylsulfonic acid solution at a tempera-
ture of 25° C. and stirred, then, it completely dissolves therein
within 180 seconds.



